The global prevalence of intracranial aneurysms is estimated at 2.3%. Limited literature is available on intracranial aneurysms in HIV-infected patients.
Introduction
It is estimated that the global prevalence of intracranial aneurysms is approximately 2.3% in the general population. 1 Human immunodeficiency virus (HIV)-associated aneurysmal vasculopathy has been described in young adults and affects predominantly the extracranial blood vessels. 2 Intracranial aneurysms in HIV-positive adults are described infrequently. About 22 case reports of HIV-infected adult patients who presented with intracranial aneurysms could be located in the literature. Isolated saccular as well as fusiform aneurysms have been described in these cases. 3, 4, 5 South Africa has a high prevalence of HIV and AIDS, with the prevalence in the Free State province being above the national average. 6 The aim of our study was to describe the radiological appearance of intracranial aneurysms in HIV-positive adults who presented with subarachnoid haemorrhage (SAH) and were referred for further evaluation to the Departments of Clinical Imaging Sciences and Neurosurgery at the Universitas Academic Hospital Complex in Bloemfontein.
Method
A retrospective analysis of data was done on all HIV-positive adult patients with SAH who had confirmed intracranial aneurysms on four-vessel angiography between 01 January 2008 and 31 December 2012. Twenty-three HIV-positive patients with intracranial aneurysms, of which 15 (65.2%) were female, were included in the study. The mean age was 38 years (range 24-51 years). The median CD4 count was 305 x 10 6 /L (range 62-1120 x 10 6 /L) and 16 (69.6%) of the patients had a CD4 count of less than 350 x 10 6 /L.
Digital subtraction angiography was performed on a fluoroscopic unit (Philips Allura Xper FD 20/20, Philips Electronics, Netherlands, or Siemens AXIOM Artis, Siemens AG, Germany). Patient data and angiography reports were obtained from the interventional radiology register and the hospital information system. The HIV status and CD4 count of each patient were obtained from the hospital information system. The CD4 counts of these patients were used to determine any possible relationship between aneurysm morphology and immune status.
Only the initial examination was analysed in patients who had more than one examination. Aneurysms were counted separately in patients who had more than one aneurysm. Each aneurysm was evaluated for (1) its position, (2) number, (3) type, (4) neck size -whether larger than 50% of the transverse aneurysm diameter -and (5) longitudinal and transverse lumen diameter of the aneurysm sac. The largest diameter of each aneurysm, whether longitudinal or transverse, was used to determine the mean maximum aneurysm sac size. These assessments were done by an interventional radiology consultant. Measurements were obtained on imaging views where the aneurysm was seen best in profile. The longitudinal measurement was taken from the midpoint of the aneurysm neck to the midpoint of the aneurysm dome. The transverse diameter was the maximum transverse diameter of the aneurysm sac. The neck size was measured as close as possible to the lumen of the artery from which the aneurysm originated. These measurements are important in the decision regarding further aneurysm management.
The following standard views were used: anteroposterior, left anterior oblique 20°, right anterior oblique 20° and lateral for the carotid arteries, as well as Townes and lateral projections for the vertebral arteries. Additional views were obtained in some cases to get the aneurysms in profile.
The statistical analysis of data was done by the Department of Biostatistics, Faculty of Health Sciences, University of the Free State (UFS) in Bloemfontein, South Africa.
Results
The 23 patients had a total of 41 aneurysms. Fifteen (65.2%) of the patients had a single aneurysm. The remaining eight patients had multiple aneurysms (n = 26), with a range of two to six aneurysms per patient.
Nine female patients and six male patients had a single aneurysm. The mean age of patients with a single aneurysm was 39 years. The median CD4 count was 319 x 10 6 /L. Twelve (80.0%) of the aneurysms had a saccular appearance. One patient had a fusiform aneurysm. Seven aneurysms had a neck width larger than 50% of the transverse aneurysm sac size. The aneurysm sac size had a mean longitudinal diameter of 4.9 mm (range 1.8 mm -8.6 mm) and transverse diameter of 4.4 mm (range 1.6 mm -13.0 mm). The mean maximum aneurysm sac size was 5.0 mm (range 1.8 mm -13.0 mm) (see Table 1 ). More than half of the single aneurysms involved the anterior communicating artery (ACoA) (see Figure 1 ).
Six female patients and two male patients had multiple aneurysms. Their mean age was 37 years. The median CD4 count was 294 x 10 6 /L. Twenty-four (92.3%) aneurysms had a neck width larger than 50% of the transverse aneurysm sac size. The mean longitudinal diameter of the aneurysm sac size was 4.0 mm (range 1.4 mm -11.8 mm) and the transverse diameter 3.9 mm (range 1.1 mm -9.0 mm). The mean maximum aneurysm sac size was 4.1 mm (range 1.8 mm -11.8 mm) (see Table 1 ). A slight predominance for internal carotid artery (ICA) aneurysms was observed in patients who had multiple aneurysms (see Figure 1 ).
Twenty-two (53.7%) of all the aneurysms were saccular and only one (2.4%) was fusiform in shape. As shown in Table 1 , saccular aneurysms were more common in patients with a single aneurysm (n = 12; 80.0%), whilst both complex (n = 13; 50.0%) and saccular (n = 10; 38.5%) aneurysms occurred more frequently in patients with multiple aneurysms.
Page 2 of 4 With regard to specific location, as shown in Figure 1 , 53.3% of the single aneurysms occurred in the anterior communicating artery (ACoA) distribution, whilst 30.8% of the multiple aneurysms occurred in the internal carotid artery (ICA).
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Discussion
Previous studies have shown that ruptured intracranial aneurysms occur more between the ages of 40 and 60 years.
7,8
The peak age group for ruptured aneurysms in this study was between 35 and 45 years. Therefore, in our study, we observed that aneurysm rupture occurred at a younger age in patients with HIV infection than in the general public.
Previous studies in non-HIV-infected populations showed that single aneurysms had a higher incidence in the anterior circulation as well as ACoA, 8 which was also evident in our study amongst patients with single aneurysms. The location of multiple aneurysms in the ICA and its branches, as well as the middle cerebral artery (MCA), was similar to previously reported cases. It appears that there is no difference between the location of multiple aneurysms in HIV-positive patients and the general population.
Multiple aneurysms have been proposed as a typical feature of HIV-associated aneurysms. 9 Multiple aneurysms were seen in more than a third (34.8%) of our patients, of which 75% were female. These findings were also observed in other studies, which showed that multiple aneurysms occur more frequently in patients older than 40 years. However, no comment was made on the HIV-status of these patients. 10, 11 The mean age of our patients with multiple aneurysms was 37 years, which is considerably younger than those in the general population with multiple aneurysms (see Figure 2) .
Half of the multiple aneurysms in our study had a complex configuration that included multilobar, daughter and multivessel take-off configurations. The majority (92.3%) of the multiple aneurysms had a neck width larger than 50% of the transverse aneurysm diameter. With morphological findings such as these, endovascular treatment becomes a challenge (see Figure 3 ). Similar to our findings, saccular aneurysms are the most common type of intracranial aneurysm described in the non-HIV-infected population. Modi, Ranchod, Modi and Mochan 2 reported three HIV-positive patients with fusiform type aneurysms and suggested that the characteristics of these aneurysms are distinctive of HIV-related aneurysms. ACoA, anterior communicating artery; ICA, internal carotid artery; ACA, anterior cerebral artery. The International Study for Unruptured Intracranial Aneurysms (ISUIA trial) 12 reported that the risk for SAH is very low in aneurysms with a maximum aneurysm sac diameter of less than 7 mm. Delgado Almandoz, Feasse, Crandall, et al. 13 studied 1681 intracranial aneurysms and reported that the mean maximum aneurysm sac size for ruptured aneurysms was 6.5 mm. In our study, the mean maximum aneurysm sac size was smaller, with a mean diameter of 5.0 mm for single aneurysms and 4.1 mm for multiple aneurysms. From our findings, it appears that ruptured HIV-associated intracranial aneurysms are substantially smaller than those in the general population. However, this observation should be confirmed with larger comparative studies.
The mechanism is not clear, but a possible explanation could be that the aneurysm wall is prone to rupture because of a weaker structure resulting of a defective immune system. The imaging morphology of intracranial aneurysms in our study may be explained by the proposed role of HIV in aneurysm formation. Previous studies have shown that the vessel walls have intimal hyperplasia with destruction of the internal elastic lamina, medial fibrosis and loss of the muscularis layer.
14 HIV viral proteins have been associated with vascular pathology. A possible link between vascular pathology and the protease inhibitor ritonavir was also identified. 15 There is also the possibility that bacterial infection of the vessel wall, secondary to immune suppression, could lead to the development of aneurysms, as previously suggested with extracranial aneurysms in HIV-positive patients. 16 HIV binds on the surface of CD4 cells and deactivates these cells. We could not establish a relationship between aneurysm morphology and immune status. The median CD4 count for single aneurysms was 319 x 10 6 /L and for multiple aneurysms 294 x 10 6 /L, although this difference was not statistical significant. Sixteen (69.6%) of our patients had a CD4 count below 350 x 10 6 /L.
When interpreting these results, it must be taken into account that our study population was relatively small, and that we were not able to establish if these patients were on antiretroviral therapy, what their viral load was, or if any coexistent infections were present, as this information was not available in the patient files.
Conclusion
HIV-associated intracranial aneurysms in adult patients appear to be mostly saccular and complex in shape with a wide neck. They apparently rupture at a smaller size than those in the general population, although larger comparative studies are necessary to confirm this. These findings indicate that the strength of the vessel wall is, at least in part, a function of the immune status of a person.
